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(54) Apparatus and method for hue shift compensation In a bidirectional printer 

(57) An printing apparatus and method for reducing 
hue shift due to differing deposition orders of different 
color ink drops. A differing deposition order occurs in 
bidirectional Inkjet printers (1 0) with printheads (12) that 
deposit overlapping drops in a single scan in either a 
f onward (2) or rearward (4) direction. Different print 
masks (62,64) for each color ink are used to govern ink 
drop deposition in the different scan directions (2,4) in 
order to vary the deposition order and/or number of 
drops deposited in a given location (19). A different 
mask pattern (11 0,11 2) is applied to a top (76) and bot- 
tom (78) set of nozzles corresponding to the print 
advance height. This technique reduces the perceived 
difference in color shade between an area (80a) of a 
composite color printed in the forward direction (2) fol- 
lowed by the rearward direction (4), and an area (80b) of 
the same composite color printed in the rearward direc- 
tion (4) followed by the forward direction (2). An inkjet 
printer (10) constructed in accordance with the present 
invention minimizes hue shift while still retaining the 
advantages of multipass bidirectional printing, without 
the need to reduce throughput or increase the manufac- 
turing cost or complexity of the printer (1 0). 
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Description 

Cross-R feren e to Related Applications 

[0001] This application relates to the subject matter 5 
disclosed in the following co-pending applications: Ser. 
No. 08/682,864. by Majette et al.. filed July 2. 1996; 
titled "Mininnizing Color Shift Due to Varying Deposition 
Order in a Printer with Bidirectionally Scanning tn-Line 
Pens" (Attorney Docket No. 10950030-1); Ser. No. 10 
08/810,747, by Serra, filed March 4, 1997, titled "Bidi- 
rectional Color Printnnodes with Semistaggered Swaths 
to Mininnize Hue Shift and Other Artifacts" (Attorney 
Docket No. 60960029-1); Ser. No. 09/302,860, by 
Skene et al., filed April 30, 1999, titled "Method and is 
Apparatus for Minimizing Color Hue Shifts in Bi-Direc- 
tional Inkjet Printing" (Attorney Docket No. 10980796- 
1); and Ser. No. 09/303,249, by Ross, filed April 30, 
1999, titled "Method of Minimizing Color Hue Shifts in a 
Single-Pass, Bidirectional Inkjet Printer Using Direction 20 
Dependent Color Maps" (Attorney Docket No. 
10990240-1); all of which are assigned to the assignee 
of the present invention and hereby incorporated by ref- 
erence: 

25 

Field of the Invention 

[0002] The present invention relates generally to 
printing color text and graphics on printing media using 
Inkjet printers. It relates more particularly to improved 30 
print quality in bidirectional swath inkjet printing. 

Background of the Invention 

[0003] Inkjet printers, and thermal inkjet printers in 35 
particular, have come into widespread use in busi- 
nesses and homes because of their low cost, high print 
quality, and color printing capability. The operation of 
such printers is relatively straightforward. In this regard, 
drops of a colored ink are ejected onto the print media 40 
such as paper or transparency film during a printing 
operation. These drops of ink combine on the print 
media to form the text and images perceived by the 
human eyt:. A key component of the printer for the dof. - 
osition of these ink drops is the printhead, which is con- 45 
nected to an ink supply and contains an arrangement of 
nozzles and a mechanism which allows ink drops to be 
controllably ejected from each individual nozzle. One or 
more printheads may be contained in a print cartridge, 
which may either contain the supply of ink for each print- so 
head or be connected to an ink supply located off-car- 
tridge. Inkjet printers may use a number of different ink 
colors. An inkjet printer frequently can accommodate 
two to four print cartridges. The cartridges typically are 
mounted side-by-side In a carriage which scans the car- 55 
fridges back and forth within the printer in a forward and 
a rearward direction above the media during printing 
such that the cartridges move sequentially over a given 



location, called a pixel, on the media which is to be 
printed. Each print cartridge typically has an arrange- 
ment of printhead nozzles through which the ink is con- 
trollably ejected onto the print media, and thus a certain 
width of the media corresponding to the layout of the 
nozzles on the print cartridge, can be printed during 
each scan, forming a printed swath. The printer also has 
a print medium advance mechanism which moves the 
media relative to the printheads so that, by combining 
scans of the print cartridges back and forth across the 
media with the advance of the media relative to the 
printheads, the entire printable area of the media can be 
printed. 

[0004] To avoid printing defects that adversely 
affect print quality, such as bleeding of one color area 
into another, bands of unprinted color, and warping or 
wrinkling of the print media, most printers do not print all 
drops of all ink colors in all pixel locations addressable 
in one single forward or rearward scan and then 
advance the media by the height of the nozzle arrange- 
ment. Rather, multiple scans are used to fully ink any 
given pixel location, with the media advanced after each 
scan by a portion of the height of the nozzle arrange- 
ment Only a fraction of the total ink required in each 
section of the image is laid down in any single scan. 
Areas left unprinted are filled in by one or more later 
passes. For each scan, a group of printmasks, or pat- 
terns used in printing a section of nozzles for particular 
printheads, determine which drops of which inks are 
deposited at each pixel location. The printmasks mix up 
the nozzles used on different scans in such a way as to 
reduce these undesirable visible printing defects by 
controlling the amount and location of liquid ink that is 
on the page at any given time. In other words, the print- 
masks govern the final step of the printing process, 
determining in which pass or passes each pixel location 
will be addressed, after prior rendition steps have 
already determined (from the digital data for the image 
to be printed) the required color and intensity for each 
pixel location. 

[0005] Some printers have a mode in which they 
only deposit ink while scanning in one direction; for 
example, in the fonvard scan but not the rearward scan. 
This prin-; mode is know^^ es unidirectiona! printing. 
Conversely, some printers have a mode in which they 
deposit ink while scanning in both directions, known as 
bidirectional printing. Bidirectional printing has the 
advantage of reduced printing time, because it avoids 
the wasted motion of moving the carriage in the rear- 
ward direction without printing required for unidirec- 
tional printing. However, bidirectional printing can 
introduce a print quality defect known as color hue shift, 
as explained below. 

[0006] Each printhead deposits ink of a different 
color on the media. In one commonly used arrange- 
ment, the inks are the primary subtractive colors 
magenta, cyan, and yellow. Alternatively the printer can 
use more than thre color inks, some of which are 
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lighter and darker versions of a given color shade. In 
Sonne embodinnents, there is also a black ink, drops of 
which nnay be used during color printing to fornn the 
darker shad s of colors. Drops of the color inks can be 
combined in the same pixels to fomri a range of per- 
ceived colors to the human eye. For example, superim- 
posing drops of magenta and cyan in the same pixel 
location produces a blue composite color pixel. If there 
were no interactions between the ink and the media, the 
order in which the magenta and cyan ink drops are 
deposited on the print media does not matter. However, 
the ink and the media do interact, and thus the color 
shade or hue that is perceived by the observer depends 
on the order in which the drops of the different color inks 
are deposited on the media. 

[0007] It is the arrangement of the print cartridges in 
the carriage that causes the differing order of drop dep- 
osition that creates a hue shift between different regions 
of what should be the same color in bidirectional print- 
ing. For example, in a typical inkjet printer cyan, black, 
magenta, and yellow printheads are aligned side-by- 
side in the carriage. When the carriage sweeps In the 
forward direction, the yellow printhead will pass over a 
particular pixel location on the print media first, followed 
by the magenta, then the black, and finally the cyan. If a 
blue color is to be printed in the pixel location, the 
magenta drop would be deposited before the cyan. In 
contrast, when the carriage sweeps in the rearward 
direction, the cyan printhead will pass over a particular 
pixel location on the print media first, followed by the 
black, magenta, then yellow printheads. If a blue color is 
to be printed in the pixel location, the cyan drop would 
be deposited before the magenta. 
[0008] The hue shift problem is most noticeable 
when a contiguous area of pixels spanning more than 
one scan of the cartridges over the media is printed with 
the same composite color, in particular a deep shade of 
two primaries such as blue or green (green is produced 
by combined cyan and yellow drops). This printing oper- 
ation produces perceptibly different bands of color 
shades between bands generated by printing in the for- 
ward direction followed by the rearward direction, and 
bands generated by printing in the rearward direction 
followed by the forward direction. 
[0009] There have been two general approaches to 
reducing or eliminating the problems of hue shift in bidi- 
rectional color Inkjet printing. These approaches usually 
improve print quality at the cost of reduced throughput 
(eg. slower printing speed) or increased printer cost or 
complexity. The first general approach is to eliminate 
hue shift by depositing the color ink drops in all pixel 
locations on the print media in the same order. In one 
prior art implementation of this solution, the printheads 
are not in-line but rather are offset from each other in 
the media advance direction by the fill height of the noz- 
zle array, so that only drops of one color can be depos- 
ited in a given pixel location on a single forward or 
rearward scan of the carriage. However, this implemen- 



tation results in a wide print zone requiring extra cost 
and complexity to hold the paper flat and without relative 
motion. An alternate implementation uses in-line print- 
heads arranged in the carriage not only in a cyan- 
5 magenta -ye I low order but also in a yellow-magenta- 
cyan order, with the first group used in the forward scan 
. direction and the second group used in the rearward 
scan direction to ensure a consistent order of drop dep- 
osition. However, this solution also adds cost and com- 
10 plexity to the plumbing of the ink supply or to the print 
cartridges. A third prior art implementation that is the 
subject of the above-mentioned Majette application 
requires a complex medium advance mechanism that 
can also reverse, instead of merely advancing, th 
15 media movement between scans in order to always lay 
the drops of different color inks down in the same order. 
A variation of this implementation also disclosed in 
Majette masks off a top group of nozzles of each print- 
head in a forward scan and a bottom group of nozzles in 
20 a rearward scan to achieve the same effect without the 
need for a complex medium advance mechanism, but at 
a cost of reduced throughput since the reduced effective 
width of the scan path requires more scans to fully ink 
all pixel locations on a page. A similar throughput reduc- 
es tlon results from a prior art implementation that elimi- 
nates hue shift by scanning in both the forward and 
rearward directions before advancing a portion of the 
nozzle height. 

[001 0] The second general prior art solution to solv- 

30 ing the hue shift in bidirectional color inkjet printing is to 
reduce the hue shift to make It less perceptible to the 
human eye. Since the hue shift is most noticeabi 
between bands, one implementation disclosed in the 
above-mentioned Majette application advances the 

35 media in uneven portions; for example, by a larger por- 
tion of the width of the nozzle arrangement in the for- 
ward direction, and a smaller portion in the rearward 
direction. This results in one wider band having one hue 
and one narrower band having the other hue, thus 

40 reducing the perceivability of the shift. However, the hue 
of each bands is still the same as it previously was, and 
the print quality improvement is limited by how much the 
band can be narrowed; if it becomes too nan-ow, or if a 
printhead defect affects a region of nozzles, medium- 

45 advance defects such as bands of unprinted color will 
appear. An alternative implementation which uses mul- 
tiple drops of each color ink to produce the composite 
color diminishes the bidirectional color shift by averag- 
ing the order in which the colors are printed. For exam- 

50 pie, if two drops of each color are used to form the 
composite color, a band printed in the forward direction 
before the rearward direction will have pixels in which 
the bottom-to-top order of drops will be magenta, cyan, 
cyan, and magenta. Conversely, in a band printed in the 

55 rearward direction before the forward direction, the 
order will be cyan, magenta, magenta, and cyan. How- 
ever, In many cases this is insufficient to adequately 
reduce the hue shift effect of ink/media interactions. 
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[0011] Accordingly, the need still exists for a color 
inkjet printer having a print mode that can significantly 
reduce the problem of hue shift without compromising 
throughput and without requiring extra cost or complex- 
ity in the printing mechanism. 5 

Summary of the Invention 

[0012] In a preferred embodiment, the present 
invention may be implemented as a novel inkjet printer io 
that uses print masks for the different color inks to 
adjust the order of drop deposition, and the amounts of 
each different color Ink deposited, to minimize hue shift. 
It provides this improvement in print quality while still 
retaining all the advantages of multipass bidirectional 75 
printing, without the need to reduce throughput or 
increase the manufacturing cost or complexity of the 
printer. The printer has multiple print heads of different 
color inks mounted in given positions on a carriage that 
moves in a scan direction over a print medium such that, 20 
in a single scan of the carriage in a forward or a rear- 
ward direction, both color inks can be deposited in at 
least some of the same locations to form a composite 
color. A print controller controls the scan, the advance- 
ment of the print medium after a scan, and the deposi- 25 
tion of ink drops on the medium. In the preferred 
embodiment, the printheads pass over each printable 
area of the medium in both a forward and rearward 
direction in order to fully print the image. The printer 
uses separate print masks to govern the ink drop depo- 30 
sition in the forward and rearward directions for each 
intensity level implemented. The print masks have mask 
pattern that cooperate to adjust the order of drop depo- 
sition in order to make areas printed with the composite 
color appear similar regardless of whether the area was 35 
printed in the forward direction before the rearward 
direction, or vice-versa. The mask patterns typically are 
different for different ink colors, for forward and rearward 
scans, and for top and bottom groups of printhead noz- 
zles. The ejection of ink from each nozzle is individually 40 
controllable by the print controller according to the print 
masks and the position of the printhead along the scan 
axis, 

[00"(3] in tne preferred embodiment; ihw nozzles oi 
ail printheads are mounted in-line with each other so 45 
that they print the same area of the medium during a 
single scan, while in alternate embodiments they are 
offset so as only partially overiap the areas printed in a 
single scan. The drops of different color inks may com- 
pletely or partially overiap on the medium to form the so 
composite color. The ink colors used in the preferred 
embodiment are the primary subtractive colors cyan, 
magenta, and yellow, while alternate embodiments 
uses inks with different brightnesses or chroma, or other 
colors. The ink can be contained in the same print car- ss 
tridge housing the printhead, or supplied to the print- 
head from a reservoir off-carriage. 
[0014] In addition to varying the order of drop depo- 



sition, in some embodiments the mask patterns cooper- 
ate to vary the number of drops of different color inks 
deposited in different locations on the medium. Each 
medium location may be divided into at least two sublo- 
cations in some embodiments, with the order and 
number of drops deposited in each sublocation varying. 
[0015] An alternate embodiment of the present 
invention is a method for printing on a print medium with 
a bidirectional printer having two or more printheads 
with different color inks oriented to print on an area of 
the medium in one order in the forward scan direction 
and in a different order in the rearward scan direction. 
The method prints a composite color in one area of the 
medium by scanning forward then rearward, and in 
another area by scanning reanward then fonward. During 
printing in the forward scan direction, a forward print 
mask is used for each printhead; while printing in the 
rearward direction, a rearward print mask is used. The 
mask patterns cooperate with each other to reduce hue 
shift between the two areas by varying the drop deposi- 
tion order and/or the number of drops of different color 
inks in different pixels or subpixels within these areas. 
The printhead nozzles are divided into two or more 
groups, with a different mask pattern applied to each 
group. In most embodiments the mask pattern is 
smaller than the number of nozzles and the number of 
pixels on the medium in the scan direction, so the mask 
is replicated as needed to cover all the nozzles of each 
group, and repeated during printing to cover all pixels on 
the medium. The method thus performs a first scan in 
the forward direction using the forward print masks, a 
second scan in the rearward direction using the rear- 
ward print masks, followed by a third scan like the first. 
Because the medium is advanced between scans a dis- 
tance which is a portion of the width of the ink swath 
printed on each scan, this method results in a first over- 
lapped subswath printed in the forward direction fol- 
lowed by the rearward direction, and a second 
overiapped subswath printed in the rearward direction 
followed by the forward direction. Areas of the same 
composite color in the first and second subswaths have 
a similar hue due to the patterns and usage of the print 
masks. 

[0016} The present invention is usable with bidirec- 
tional swath printers using two or more passes to fully 
ink a swath. Other aspects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description, taken in conjunction with the 
accompanying drawings, illustrating by way of example 
the principles of the invention. 

Brief Description of the Drawings 

[0017] 

FIG. 1 is a perspective view of an inkjet printer 
embodying the present invention 
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FIGS. 2A-2D are schematic representations of 
printhead and ink reservoir configurations usable 
with the printer of FIG. 1. 

FIG. 3 is a schennatic diagrann illustrating the rela- 
tionship between innage pixels and dots printed on 
a print medium to represent the image pixels, and 
illustrating dot-on-dot and dot-next-to-dot printing 
modes. 

FIG. 4 is a block diagram illustrating the image 
processing stages for printing the image on the 
printer of FIG. 1. 

FIG. 5 is a schematic bottom view of the nozzle por- 
tions of a printhead of the printer of FIG. 1 as seen 
looking up from the print medium. 

FIGS. 6A-6B are schematic representations of rela- 
tive arrangements of multiple printheads usable 
with the printer of FIG. 1. 

FIG. 7 is a schematic diagram of subswaths printed 
by the printer of FIG. 1 . 

FIGS. 8A-8C are schematic diagrams of the for- 
ward and reverse print masks according to the 
present invention used for the dark and light inten- 
sity levels of magenta, cyan, and yellow inks, 
respectively. 

FIG. 9 is a flowchart of print mode generation 
according to the present invention for the printer of 
FIG. 1. 

FIG. 10 is a schematic representation of the drop 
quantities printed from the top and bottom nozzle 
groups in each subswath during successive forward 
and backward carriage scans performed by the 
printer of FIG. 1. 

FIGS. 11A-11C are schematic representations of 
the placement on and ordering within subptxels on 
the printed media of drops of two different color pri- 
mary subtractive inks to form the composite colors 
blue, green, and red, respectively. 

Description of the Preferred Embodiment 

[0018] Referring now to the drawings, and more 
particularly to FIG. 1, there is illustrated a printer 10 
which is constructed in accordance with the present 
invention. The printer 10 includes a frame indicated 
generally at 11 on which a carriage 20 is moveably 
mounted. The carriage 20 has stalls for holding at least 
two printheads 21 (FIG. 1 illustrates by way of example 
four printheads 21) and transporting them in a printing 
orientation adjacent the surface of a print medium 18 



having a plurality of pixel locations such as pixel location 
19. The carriage 20 is moveable along a scan axis in a 
forward direction 2 and a rearward direction 4. Each 
printhead 21 controls the deposition on th medium 18 
5 of one or more drops of a different color ink. The print r 
10 also has a print medium advance mechanism indi- 
cated generally at 17 mounted to the frame 11 which 
advances the print medium 1 8 along a medium advance 
axis 8 (the print medium advance mechanism 17 is well 
10 known to those skilled in the art, and will not be dis- 
cussed further hereinafter). By combining the move- 
ment of the carriage 20 along the scan axis with the 
movement of the print medium 1 8 by the print medium 
advance mechanism 17 along the medium advance 
75 axis 8, the printheads 21 can deposit drops of ink at 
each individual one of the pixel locations on the print 
medium 18 when the carriage is moving in both the for- 
ward scan direction 2 and the rearward scan direction 4. 
[0019] Furthermore, the printheads 21 can sequen- 
ce tially deposit at least some drops of each different color 
ink at selected ones of a set of pixel locations defining 
an image swath during a single scan of the carriage in 
either the forward direction 2 or the rearward direction 4, 
with the drops at least partially overiapping to form a 
25 composite color as best illustrated in FIG. 3. While the 
pixel locations 19 are substantially square, each depos- 
ited ink drop covers a substantially round location of the 
medium 18. In order to avoid unprinted areas 46 at the 
corners of square pixels, the printheads 21 deposit 
30 oversized drops which fully cover and extend beyond 
the borders of the corresponding pixel. Therefore, a 
composite color will result either with dot-on-dot print- 
ing, where each of at least two different color inks are 
deposited at a location 40, or with dot-next-to-dot print- 
35 ing, where one color ink is deposited at location 42, and 
a different color is deposited at location 44, with the 
overlapping area 48 containing the composite color. 
[0020] As best seen in FIG. 4, the printer 10 also 
includes a print controller 58 which controls the move- 
40 ment of the carriage 20, the operation of the print 
medium advance mechanism 17, and the deposition on 
the print medium 1 8 of the different color inks. The print 
controller 58 uses a forward print mask 62 and a r ar- 
ward print mask 64 for each printhead 21 to govern th 
45 deposition of the different color inks in a region of pixel 
locations corresponding to the size of the mask when 
the carriage is moved in the fonward 2 and the reanward 
4 directions respectively. As will be discussed in greater 
detail hereinafter, the print masks 62-64 have mask pat- 
so terns which work together to adjust the order of ink drop 
deposition and the number of drops deposited for each 
mask location such that an area of pixel locations 
printed with the composite color using the print masks 
62-64 has a similar color shade regardless of whether 
55 the area is first printed with the carriage moving in the 
fonvard direction or the rearward direction. Thus the hue 
shift betw en the two areas due to the order of ink drop 
deposition is greatly reduced, which is an important 
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aspect of the present invention. 

[0021] Considering now the printheads 21 in 
greater detail with reference to FIGS. 1 and 5, each 
printhead 21 has an arrangement of ink nozzles 70 
through which ink drops are controllably ejected for dep- 
osition onto the print nnedium 18 as the carriage 20 
nnoves the printheads 21 over the mediunn 18 during a 
forward or rearward scan. As is well known to those 
skilled in the art, printheads are typically formed on sili- 
con substrates. One or more printheads, each for a dif- 
ferent ink, may be formed on a single substrate. The 
position of the carriage 20 and the printheads 21 as 
they traverse back and forth across the medium 18 is 
determined from an encoder strip 38. Heating elements 
associated with the ink nozzles are operated by the print 
controller 58 to selectively fire the various ink nozzles 
on each printhead 21 at the appropriate time during a 
carriage scan when the printheads 21 are located adja- 
cent specific pixel locations 19 in order to form the 
colors and intensities corresponding to the image to be 
printed, as is known to those skilled in the art. As will be 
discussed hereinafter, the print masks 62-64 are utilized 
by the print controller 58 for selectively firing the nozzles 
70. 

[0022] Considering now the exemplary arrange- 
ment of ink nozzles 70 in more detail with reference to 
FIG. 5, the nozzles 70 are laid out along each printhead 
21 logically in only one column; but physically the noz- 
zles 70 are staggered laterally to permit very close 
spacing along the column axis. Therefore to obtain the 
patterns described herein the various nozzles 70 are 
fired selectively and rapidly many times, in careful syn- 
chronism with scanning of the printhead 21 across the 
print medium 18, taking into account not only the scan- 
ning motion across the page but also the nozzle stag- 
gering across the printhead 21. In the representative 
implementation illustrated in FIG. 5 of a printer that can 
print 600 dots per inch in the media advance direction 8, 
the printhead for each color has 300 nozzles. The spac- 
ing between staggered nozzles 72 is 1/600^^ inch, 
though the spacing between nozzles in a physical col- 
umn 74 is 1/300^^ inch. Therefore, the nozzles are capa- 
ble of depositing a swath on the media 18 which has a 
iTi^ximu n heigfit in ihe media advance direction 8 of 
one-half inch. Six nozzles at the top and bottom of the 
printhead (nozzles #1 through #6 and #295 through 
#300) are reserved for alignment of the printheads 21 to 
each other, leaving a zone of two hundred eighty-eight 
contiguous nozzles for printing. For alignment purposes 
this usable zone can be selected upward or downward, 
as known to those skilled in the art, and so alignment 
will not be discussed further beyond noting that for pur- 
poses of illustration herein nozzles #7 through #294 will 
be denoted as the two hundred eighty-eight printing 
nozzles. The present invention is not limited to the 
number or arrangement of nozzles discussed herein, 
[0023] Before discussing the printer 10 in further 
detail, it is helpful for understanding the present inven- 



tion to briefly discuss how a limited number of color inks 
combine to form a range of printed colors. A printer 
according to the present invention frequently uses three 
different color inks which are the subtractive primary 

5 colors magenta, cyan, and yellow. These colors can be, 
combined to form composite colors; for example, the 
additive primary colors: magenta and yellow fomn red, 
magenta and cyan fomn blue, and cyan and yellow form 
green. By varying the number of drops of each color, a 

10 range of different colors can be printed, as is known to 
persons skilled in the art. The present invention is not 
limited to a printer using the three primary subtractive 
colors; any set of colors and number of colors that can 
be combined to form adequate printed images may be 

15 used. For example, some printers use a number of dif- 
ferent shades or brightnesses (chroma) of at least two 
different color inks to print color images rather than the 
three subtractive primary colors and black. However, for 
illustrative purposes, the invention will be discussed 

20 only with reference to the three primary subtractive 
colors hereinafter. 

[0024] As best illustrated in FIG. 3, in dot-on-dot 
printing, at least one drop of each of at least two differ- 
ent colors is deposited in the same physical location 40 

25 on the medium 18. The colors mix in the location 40 to 
form the composite color. Conversely, in dot-next-to-dot 
printing, the color inks are deposited in adjacent loca- 
tions on the medium 1 8, and when viewed from a dis- 
tance the human eye perceives the colors to be mixed. 

30 However, even in dot-next-to-dot printing, some actual 
ove Haying of colors occurs; if it did not, there would be 
unprinted white space remaining at the corners of pixels 
which would degrade print quality. To illustrate the over- 
laying of colors in dot-next-to-dot printing, one color ink 

35 is deposited at location 42, and a different color is 
deposited at location 44; the overiapping area 48 where 
the two inks mix contains the composite color. If there 
were no interactions between the ink and the media, the 
order in which the drops of different color ink are depos- 

40 ited on the medium 18 would not matter. However, 
because of the ink/media interactions, the composite 
color which is formed in locations 40,48 by combining 
the two different color inks has a different color shade, 
or hue, depending on the order \n which respective 

45 color drops were deposited. When two relatively large 
areas on the medium are printed with the same com- 
posite color, but each area has a different drop deposi- 
tion order, the hue shift, or color difference, between the 
two areas is quite noticeable, particularly with darker 

50 shades of composite colors. 

[0025] The configuration of the printheads 21 in the 
carriage 20 of a printer according to the present inven- 
tion is such that, without the teachings of the present 
invention, the hue shift described above would occur 

55 during bidirectional printing. The reason for the hue shift 
is that the nozzles 70 of at least two printheads 21 over- 
lap in the forward 2 or rearward 4 scan directions per- 
mits the printer 10 to deposit the ink drops of a 



BNSDOCID: <EP 1 072421 A2J_> 



11 



EP 1 072 421 A2 



12 



composite color in a different order depending on 
whether the carriage 20 is moving over the area of the 
medium 1 8 to be printed in the forward 2 or the rearward 
4 direction. As best discussed with reference to FIGS. 
6A and 6B, the printer 1 0 preferably has four printheads, 5 
one each for cyan 21a, magenta 21b, and yellow 21c 
primary subtractive colors, with the fourth printhead 21 d 
containing black ink. As known to those skilled in the art, 
black ink is often used to print black regions due to diffi- 
culties producing a high quality black from a combina- w 
tion of cyan, magenta, and yellow, and black may also 
be used in combination with the other colors when print- 
ing the deeper shades of colors. However, to simplify 
the illustrative examples, black will frequently be omitted 
from subsequent discussions herein. The nozzles 70 of 75 
printheads 21a-21d in the preferred embodiment of FIG. 
6A are in-line and fully overlap in area 27a. In the alter- 
nate configuration of FIG. 6B, the nozzles 70 of print- 
heads 21 a-21 d are partially offset one from another and 
thus overlap only in areas 27b, so that areas outside of 20 
areas 27b are passed over by nozzles of only one print- 
head in each forward 2 or rearward 4 scan. !n areas 27a 
and 27b, as the carriage 20 transporting the printheads 
21 a-21 d moves in the forward scan direction 2 from the 
edge of the medium 18, the yellow printhead 21c will 25 
move into printing position for a selected location 19 
before the magenta printhead 21b, which in turn moves 
into position before the cyan printhead 21 a. Therefore if, 
for example, the selected pixel 19 is to be printed with 
the composite color blue, magenta ink will be deposited 30 
on the pixel 19 before cyan ink. In the rearward scan 
direction 4, the order in which the printheads encounter 
the selected pixel 19 reverses, and cyan ink will be 
deposited before magenta ink. In the present invention, 
however, as will be discussed in greater detail subse- 35 
quently, the print controller 58 minimizes the hue shift 
through the mask patterns used for the forward 62 and 
rearward 64 print masks for each ink color. 
[0026] Considering now the print medium advance 
mechanism 17 of the preferred embodiment In more 40 
detail, the print medium advance mechanism 17 
advances the print medium 18 after each single scan in 
either the forward direction 2 or the rearward direction 4, 
Fewer than all the drops needed to fully print the image 
swath are deposited in a single forward or rearward 45 
scan, which helps avoid bleeding, banding and paper 
cockling as those skilled in the art know. Therefore, the 
medium 18 is advanced along the medium advance axis 
8 one-half the height of the printed swath, and the next 
scan proceeds in the opposite direction. To optimize so 
throughput, the second pass over any pixel image area 
will deposit the remaining ink drops needed to fully print 
it. The electromechanical mechanism for advancing the 
print medium is well understood by those skilled in the 
art, and will not be discussed further. As best under- 55 
stood with reference to FIG. 7, and ignoring the special 
case of the first and last subswath printed on the 
medium, operation of the medium advance mechanism 



17 results in a medium 18 imprinted with a series of 
alternating subswaths 80a-80b, with the height 82 of 
each subswath 80a-80b substantially equaling one-half 
of the height of area 27a. The ink drops in each subs- 
wath 80a are laid down in a forward scan 2 followed by 
a reanward scan 4, while the ink drops in each subswath 
80b are laid down in a rearward scan 4 followed by a for- 
ward scan 2. The mask patterns used for the forward 62 
and rearward 64 print masks for each Ink color mini- 
mizes the hue shift that would otherwise occur between 
subswaths 80a and 80b. While the preferred embodi- 
ment uses two scans to fully ink a subswath with an 
even one-half height medium advance between scans, 
alternate embodiments according to the present inven- 
tion may utilize more than two scans to fully ink a subs- 
wath. In addition, alternate embodiments may advance 
the medium an unequal distance between scans, or not 
advance the medium at all after certain scans. 
[0027] In discussing the print controller 58 in further 
detail with reference to FIG. 4, it is useful to discuss var- 
ious transformations of the image data that typically 
occur as part of the process of depositing different color 
ink drops on the medium 18 to print the image. The 
image data is generated by an image generation sys- 
tem 52 and may include text and/or graphics created by 
a user on computer system and/or images derived from 
another source such as a scanner or a digital camera. 
The image data may initially be stored in any of a variety 
of data formats or computer graphics languages which 
frequently are independent of the characteristics of any 
particular printing device, but prior to printing are trans- 
formed by a color converter 53 into separate planes of 
pixels for cyan, magenta, and yellow (GMY) colors (and 
also black). Each set of pixels (one per plane) repre- 
sents a portion of the image corresponding to the dots- 
per-inch printing resolution of the printer, and each pixel 
uses a number of bits, typically eight to thirty-six, to rep- 
resent the intensity in each color plane. Because cur- 
rent Inkjet printers typically can only reproduce from two 
to sixteen levels of intensity per pixel for each color, a 
renderer 54 renders or halftones the image data so as 
to reduce the image data to match the capability of the 
printer. In the preferred embodiment, the printer 10 is 
capable of printing one of three different intensities at 
each pixel location: dark (a maximum of four drops per 
color per pixel), light (one drop per color per pixel), and 
white (no drops printed). Therefore, the intensity for 
each pixel must be reduced to two bits per color. By judi- 
ciously arranging pixels of varying intensities, the half- 
toning algorithm can greatly increase the range of 
intensities (color depth) perceived by the human eye, 
allowing complex images such as photographs to be 
printed realistically. A variety of algorithms for halftoning 
are known to those skilled in the art, and therefore the 
process of halftoning will not be further discussed here- 
inafter. 

[0028] Once rendering is complete and each pixel 
has been transformed into a format which matches the 
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capability of the printer 10, the print controller 58 gov- 
erns which ink drops will be printed in each scan of the 
printheads 21 by using the nnasking patterns specified 
by the forward print mask 62 and the reanward print 
nnask 64 for each intensity level for each printhead 21. 
The partial-inking patterns of each pass combine as 
each subswath is printed on multiple passes to fully 
form the image. The combination of specific partial-Ink- 
ing patterns employed for each intensity level of each 
printhead in each scan, and the way these patterns add 
up to a single fully-inked image, is known as a "print- 
mode", and the sequence of operations performed by 
the print controller 58 is referred to as "print mode gen- 
eration". 

[0029] Before discussing the process of print mode 
generation further, it will be helpful to first discuss the 
forward 62 and rearward 64 print masks in further detail 
in light of the printing resolution of the printer 10. In this 
regard, the printer 1 0 according to the preferred embod- 
iment processes 600 by 600 dot per inch (dpi) images, 
printing these images with a resolution of 600 dots per 
inch in the media advance (vertical) direction 8, and 
1 200 dots per inch in the forward 2 and rearward 4 (hor- 
izontal) scan directions. Therefore, within a 600 by 600 
dpi pixel location 19 on the print medium 18, the printer 
can deposit up to two drops of ink from each printhead 
21 in the forward scan direction 2, and up to two drops 
of ink from each printhead 21 in the rearward scan 
direction 4. The printer is capable of depositing each of 
the two drops in different ones of the two 1200 by 600 
dpi subpixels comprising the 600 by 600 dpi pixel loca- 
tion 19. in the preferred embodiment, each pixel loca- 
tion 19 is traversed by a fonward 2 and a rearward 4 
scan; therefore, a maximum total of four drops of a par- 
ticular color ink could be printed in the pixel location 1 9. 
Whereas only one drop of each color ink may be depos- 
ited on the medium 1 8 in each 600 by 600 dpi pixel loca- 
tion 19 when printing light intensity pixels, multiple 
drops may be deposited when printing dark intensity 
pixels. If a composite color were to be formed by uni- 
formly printing four drops of each of two different color 
inks in each location 19, as is done in the prior art, a hue 
shift would occur between alternating subirwaths 80a 
and 80b printed with the composfte color, as explained 
previously. 

[0030] In contrast, the present invention uses print 
mask patterns for each different color which print the 
dark intensity color of each 600 by 600 dpi pixel location 
19 with a variable number (two to three) of drops per 
color, rather than with a fixed number (eg. four) of drops 
per color. In addition, within each pixel location 19, the 
drops of each color ink are advantageously allocated 
between each of the two 1200 by 600 dpi subpixels to 
further reduce the hue shift. Furthermore, the number of 
drops and the allocation of drops between the 1200 dpi 
subpixels vary among different cells of the print masks, 
and differ in the fonvard and rearward scan directions. 
Also, the print masks have different mask patterns for 



different color inks. All of these aspects of the printer 1 0 
combine to minimize the perceived hue shift between 
subswaths 80a and 80b printed with a printer according 
to the present invention. With the present invention, 
5 there is no need to trade off throughput to solve the hue 
shift problem, as would occur with masking off a top and 
a bottom group of nozzles on opposite passes as in the 
prior art. 

[0031] The fonward 62 and rearward 64 print masks 

10 for each color ink are best understood with reference to 
FIGS. 8A-8C. Each print mask 62,64 consists of a two- 
dimensional array of print mask cells, each print mask 
cell (a representative one of which Is indicated at 102) 
governing the printing of a 600 by 600 dpi pixel during a 

15 carriage scan. Within each print mask cell 102 are two 
mask values 1 04, each mask value governing one of the 
two 1200 by 600 dpi subpixels printable on the medium 
18 in the forward 2 and rearward 4 scan directions for 
each corresponding 600 by 600 dpi image pixel. The 

20 nomenclature used in FIGS. 8A-8C is such that, if an 
"X" is present in the mask value 104, then a drop of ink 
will be deposited on the medium 1 8 in the appropriate 
subpixel of the location 19 if the image pixel has a dark 
intensity value for that color. Conversely, if there is no 

25 "X" present, no drop will be printed. 

[0032] The set of print mask cells 102 in each print 
mask 62,64, taken together, define a mask pattern for 
the print mask, such as a forward mask pattern 1 06 and 
a rearward mask pattern 107 for the dark intensity level 

30 of each color ink. The forward mask pattern 1 06 is used 
to govern printing during a forward scan 2, while the 
rearward mask pattern 107 is used to govern printing 
during a rearward scan 4. Different mask patterns 
108,109 are used for the light intensity level of each 

35 color ink (the white intensity level is a special case in 
which no ink drops will be printed). Each of the forward 
106 and rearward 107 mask patterns are further split 
into a mask subpattern 1 10 for the top portion of noz- 
zles 76 and a mask subpattern 112 for the bottom por- 

40 tion of nozzles 78. 

[0033] In the prefen-ed embodiment, the top portion 
76 consists of the one hundred forty-four nozzles #7 
through #1 50, and the bottom portion 78 consists of the 
one hundreci forty-four nozzles ^r'151 through #294. 

45 Having the same number of nozzles in both the top 76 
and bottom 78 portions produces equal-sized subs- 
waths for an even print advance after the forward 2 and 
reanward 4 scans of a distance corresponding to the 
height in the media advance direction 8 of the one hun- 

50 dred forty-four nozzles. Since, in the preferred embodi- 
ment, the mask subpatterns 110, 112 have a height in 
the media advance direction of only four pixels, the 
mask subpattern 110, 112 are replicated thirty-six times 
to govern all of the corresponding portions of nozzles 

55 76,78. Similarly, since the mask subpatterns 110,112 
have, in the preferred embodiment, a width in the scan 
direction of only four pixels, while the print media has 
600 pixels per inch in the scan directions 2,4, the sub- 
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patterns 110,112 are repeated as required during the 
scan, as the carriage 20 transports the printheads 21 
over the various pixel locations 19 on the nnedium 18. 
[0034] The present invention can also be used in a 
printer having an uneven print advance mode where the 
number of nozzles allocated to the top 76 and bottom 76 
portions, and the distance the medium is advanced fol- 
lowing the fonward scan 2 and the reanward scan 4, are 
unequal. In this situation, the mask subpatterns 
110,112 would be replicated as necessary to encom- 
pass the total number of nozzles in each group. 
Although in the preferred embodiment each mask sub- 
pattern 1 10,1 12 for the top 76 and bottom 78 portions of 
nozzles is a four by four matrix, the present invention is 
not limited to a matrix of this size, nor to a matrix where 
the dimensions in the scan 2,4 and media advance 
directions 8 are equal. 

[0035] Considering now the process of print mode 
generation as best understood with reference to FIG. 9, 
print mode generation according to the present inven- 
tion begins by enabling (step 91) the forward print 
masks 62 for the color ink contained in each of the print- 
heads 21. Next, the carriage 20 begins to scan in the 
forward scan direction 2 (step 92). As the carnage 20 
scans forward, the print controller 58 tracks the location 
in the scan direction of each printhead 21 . As the scan 
proceeds in the forward direction, in step 93 the print 
controller 58 detects the pixel locations 1 9 for which the 
nozzles of each printhead 21 are currently in printing 
position, and determines from the rendered image data 
the intensity level of the corresponding color ink for each 
such pixel location 19. If the intensity is either dark or 
light, and if the mask value 104 of the corresponding 
print mask celt 102 in print mask 62 enables printing in 
that pixel location 19, the controller 58 fires the corre- 
sponding nozzle to deposit ink on that location 19. 
[0036] When the forward scan has been completed, 
the print medium 18 is advanced (step 94) by an 
amount no more than the height of the swath corre- 
sponding to the array of ink nozzles before printing in 
the reanward direction 4. In the preferred embodiment, 
the medium is advanced by one-half the swath height, 
which corresponds to the height of one hundred forty- 
four nozzles. However, in alternate embodiments the 
swath could be advanced any amount between the fill 
swath height and no advance at all. 
[0037] The operation in the rearward scan direction 
4 is analogous to that in the forward scan direction 2. 
The rearward print masks 64 are enabled (step 95), the 
carriage 20 begins to scan in the rearward scan direc- 
tion 4 (step 96), the print controller 58 fires ink nozzles 
during the scan to deposit ink drops corresponding to 
the rendered image as governed by the rearward print 
masks 64 (step 97), and the print medium 18 is 
advanced (step 98). The amount by which the swath is 
advanced in step 98 may the same or different as in 
step 94, depending on whether the print advance is 
even or uneven, respectively. 



[0038] If the image data has been completely 
printed (step 99), print mode generation ends. Other- 
wise, another forward scan will be performed starting at 
step 91 . Note that for the first and last swaths printed on 
5 the media, the paper advance and nozzle firing will be 
adjusted to compensate for the starting and stopping of 
printing (not shown). The compensating methods are 
known to those skilled in the art, and will not be dis- 
cussed further. 

10 [0039] FIG. 10 schematically depicts the results of 
performing the print mode generation process 
described in FIG. 9 to print four scans. Scans #1 and #3 
occur in the forward scan direction 2, while scans #2 
and #4 are in the rearward scan direction 4. Five printed 

15 subswaths (A through E) are shown. Cyan 21a, 
magenta 21b, and yellow printheads 21c are arranged 
in the printer in the order shown in FIG. 10; to simplify 
the example, assume that the top nozzle group 76a and 
the bottom nozzle 78a group each have only four noz- 

20 zles, the page is only four 600 by 600 dpi pixels wide, 
and that each printhead passes completely over all 
thirty-two printable locations in the subswath before the 
next printhead reaches them. The number of drops of 
ink shown in FIG. 10 indicates the maximum number of 

25 drops which are enabled to be printed with the nozzle 
groups of each of the colors in each pass; the number of 
drops of each color which actually get printed in each 
pixel depends on the color and intensity of the image 
data to be printed. 

30 [0040] Subswath B 120 is printed in the forward 
scan direction 2 followed by the rearward scan direction 
4. In the forward direction 2 of scan #1 , a maximum of 
twenty -two drops of yellow, then twenty drops of 
magenta, and finally thirty-two drops of cyan are ena- 

35 bled to be deposited from the bottom nozzles 78a into 
the thirty-two locations, in the positions indicated by the 
"X"'s in the forward scan, bottom nozzles print mask for 
the respective color. In the rearward direction 4 of scan 
#2, a maximum often drops of cyan, then twenty drops 

40 of magenta, and finally twenty-two drops of yellow are 
enabled to be deposited from the top nozzles 76a into 
the thirty-two positions indicated by the "X'"s in the rear- 
ward scan, top nozzle group print mask for the respec- 
tive color. 

45 [0041] Subswath C 122, by comparison, is printed 
in the rearward scan direction 4 followed by the forward 
scan direction 2. The rearward scan occurs at the same 
time as the reanward scan of subswath B. In the rear- 
ward direction 4 of scan #2, a maximum of twenty drops 

50 of cyan, then ten drops of magenta, and finally twelve 
drops of yellow are enabled to be deposited from th 
bottom nozzles 78a into the thirty-two positions indi- 
cated by the "X^'s in the rearward scan, bottom nozzle 
group print mask for the respective color. In the forward 

55 direction 2 of scan #3, a maximum of thirty-two drops of 
yellow, then thirty-two drops of magenta, and finally 
twenty drops of cyan are enabled to be deposited from 
the top nozzles 76a into the thirty-two locations, in the 
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positions indicated by the •'X"'s in the forward scan, top 
nozzles print mask for the respective color. The different 
nunnber of ink drops of each color, and the positioning of 
these drops within th thirty-two possible locations, 
compensates for the hue shift that would otherwise 5 
occur based on the differing order of deposition of drops 
of each color ink. 

[0042] Considering now in more detail the coopera- 
tion between print masks to minimize hue shift with ref- 
erence to FIGS. 11A-11C, assume that the rendered 10 
600 by 600 dpi image data to be printed consists of a full 
page of dark intensity blue. Dark intensity composite 
colors tend to exhibit the most severe hue shift, with 
blue typically having a more severe shift than green or 
red. Dark intensity blue is produced by combining dark is 
intensity cyan and dark intensity magenta (the inclusion 
in some embodiments of drops of black ink will be 
ignored for purposes of illustration). FIG. 1 1 A schemat- 
ically illustrates dark intensity blue as printed in subs- 
wath B 120 and subswath C 122. Within each printed 20 
image pixel 124 there are two columns 126 correspond- 
ing to the positions of the two mask values 104. The 
drop deposition order is indicated within each column; 
the earliest deposited drop at the bottom, and the latest 
deposited drop at the top. M indicates potential 25 
magenta drops, C indicates potential cyan drops, and Y 
indicates possible yellow drops. Drops actually depos- 
ited are encircled. 

[0043] The various print mask subpatterns were 
determined experimentally to correct for the hue shift 30 
that would otherwise occur in the absence of the print 
masks of this invention. Without correction, subswath B 
would exhibit a magentaish cast, and isubswath C would 
exhibit a cyanish cast. However, the present invention 
provides in subswath B some print locations containing 35 
only cyan drops 128a, or where cyan drops are printed 
over magenta drops 130a, which reduce the magen- 
taish cast. Similarly, it provides in subswath C some 
print locations containing only magenta drops 128b, or 
where magenta drops are printed over cyan drops 1 30b, 40 
which reduce the cyanish cast. The cooperative effect of 
the print locations 128a,128b,130a,130b is to reduce 
the hue shift perceived in the composite color blue of 
the adjacent subswaths, thus making banding within the 
image much less noticeable. FIGS. 11B and 11C use 45 
the same principles as explained for FIG. 1 lAto reduce 
the perceived hue shifts in green and red, respectively. 
While for purposes of illustration FIGS. 11A-11C illus- 
trate the operation of the invention in a two-pass print- 
mode, the invention is applicable to multipass so 
printmodes using more than two passes to fully ink a 
subswath. 

[0044] Colorimetry measurements known to those 
skilled in the art can quantify the reduction in hue shift 
resulting from the present invention. For example, when 55 
pages of the dark intensity composite colors red (R), 
green (G), and blue (B) are printed using the mask pat- 
terns of FIGS. 8A-8C of the present invention and com- 



pared to pages printed without the benefit of this 
invention, significant improvements are noted. Color 
Accuracy, for instance, may be improved by a ratio of 
approximately 1 .4 for red (which tends to exhibit less 
hue shift using the prior art mask patterns than blue or 
green), to as much as approximately 3.6 for blue. Simi- 
lar improvements in Delta H and Hue Angle are also evi- 
dent. 

[0045] A number of alternative arrangements for 
delivering ink to the printheads are usable with the 
present invention, as illustrated schematically in FIGS. 
2A through 2D. Each printhead 21 is housed in a car- 
tridge 32a-32d. A cartridge 32a-32d may contain only 
one printhead 21 for one ink color, or it may contain mul- 
tiple printheads for multiple colors, such as a tricolor 
cartridge containing three printheads for cyan, 
magenta, and yellow respectively. The multiple print- 
heads may be constructed on a single substrate or on 
different substrates, the ink may be supplied to the print- 
head 21 in different ways. In FIG. 2A, an ink reservoir 
38a is housed within the print cartridge 32a along with 
the printhead. In FIG. 2B, an ink reservoir 38b is detach- 
able from the print cartridge 32b, but the reservoir 38b is 
attached to the print cartridge 32b when they are 
installed in the carriage 20. In FIG. 2C, the print car- 
tridge 32c does not contain an ink reservoir, ink is sup- 
plied to the cartridge 32c instead from an off-chute ink 
reservoir 38c via a tube 39c. In FIG. 2D, the main ink 
reservoir 38d is similarly located off-chute and con- 
nected to the print cartridge 32d via a tube 39d, but the 
print cartridge 32d also contains an auxiliary reservoir 
38e. The present invention may be utilized with any of 
these cartridge configurations and ink delivery systems, 
and with other design alternatives in which the print- 
head 21 and the print media 18 are in relative motion to 
each other. 

[0046] From the foregoing it will be appreciated that 
the printer provided by the present invention represents 
a significant advance in the art. An Inkjet printer can be 
constructed according to the present invention so as to 
minimize hue shift white still retaining all the advantages 
of multipass bidirectional printing, without the need to 
reduce throughput or increase the mRnufacturing cost 
or complexity of the printer. Also, while ihe invention is 
described herein with reference to printmasks which are 
static, the invention is applicable to dynamically gener- 
ated masks or algorithms that control which nozzles 
address a given pixel in a given pass of a multipass 
printer. In addition, while the present invention has been 
described for illustrative purposes with reference to 
printing swaths of the same composite color, the inven- 
tion is widely applicable to improving the print quality of 
images and graphics of every sort. Although several 
specific embodiments of the invention have been 
described and illustrated, the invention is not to be lim- 
ited to the specific methods, forms, or arrangements of 
parts so described and illustrated. Th invention is lim- 
ited only by the claims. 
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Claims 

1 . A method for printing on a print mediunn (1 8) with a 
bidirectional Inkjet printer (10), conaprlsing: 

orienting In the printer (10) at least two print- 
heads (12) each having a different color Ink In 
an orientation such that at least a portion of 
each of the at least two printheads (12) are 
sequentially positioned adjacent a same area 
of the print medium (18) when the printheads 
(12) traverse the print medium (18), the 
sequence in which the at least two printheads 
(12) are positioned adjacent the same area In a 
forward scan direction (2) being inverted from 
the order In a rearward scan direction (4); 

printing a composite color in a first area (80a) 
of the print medium (1 8) by traversing the print- 
heads (12) In the forward direction (2) followed 
by the rearward direction (4); 

printing the composite color In a second area 
(80b) of the print medium (18) by traversing the 
printheads (12) in the rearward direction (4) fol- 
lowed by the forward direction (2); 

applying (step 91) a fonward print mask (62) to 
each of the at least two printheads (12) to gov- 
ern the order of depositing the different color 
inks when the printheads (12) traverse (step 
92) the print medium (18) in the forward scan 
direction (2); and 

applying (step 95) a rearward print mask (64) to 
each of the at least two printheads (12) to gov- 
ern the order of depositing the different color 
Inks when the printheads (12) traverse (step 
96) the print medium (18) in the rearward scan 
direction (4), the forward (62) and rearward 
(64) print masks having cooperating mask pat- 
terns which regulate the order of depositing 
such that the composite color appears similar 
In the first (80a) and second (80b) areas. 

2. The method of claim 1, wherein the first (80a) and 
second (80b) areas of the print medium (18) further 
Include a plurality of pixel locations (19). 

3. The method of claim 2, wherein the applying the 
forward (62) and the rearward (64) print masks fur- 
ther comprises: 

varying the amount of each different color ink 
deposited in different ones of the plurality of 
pixel locations (19) within the same one of the 
first (80a) and second (80b) areas. 



4. The method of claim 2, wherein the applying the 
forward (62) and the rearward (64) print masks fur- 
ther comprises: 

5 varying the order of depositing the different 

color inks in different ones of the pixel locations 
(19) within the same one of the first (80a) and 
second (80b) areas. 

10 5. The method of claim 2, wherein selected ones of 
the plurality of pixel locations (19) further include at 
least two subplxels (1 04), and wherein the applying 
the forward (62) and the rearward (64) print masks 
further comprises: 

15 

allocating drops of the different color inks 
between the at least two subpixels (104) of 
each of the selected ones of the plurality of 
pixel locations (19) so as to vary the order of 
20 depositing Ink In the at least two subpixels 

(104). 

6. The method of claim 1 , wherein each of the at least 
two printheads (12) has a plurality of nozzles defin- 
es ing a printable swath width orthogonal to the for- 
ward (2) and rearward (4) scan directions, further 
comprising: 

advancing (step 98) the print medium (1 8) in a 
30 medium advance direction (8) a distance equal 

to a portion of the swath width after each trav r- 
sal of the print medium (18) in either scan 
direction (2,4). 

35 7. The method of claim 6, further comprising: 

dividing the plurality of nozzles into at least two 
nozzle groups (76,78), each group having a 
width equal to a portion of the swath width; and 

40 

for each of the forward (62) and rearward (64) 
print masks, applying different mask patterns 
(110,112) to each of the at least two nozzle 
groups (76,78). 

45 

8. The method of claim 2, wherein the amount of each 
different color ink deposited in each of the pixel 
locations (19) differs between at least some of the 
pixel locations (19) in at least one of the first (80a) 

50 and second (80b) areas. 

9. The method of claim 2, wherein the applying the 
forward (62) and the rearward (64) print masks fur- 
ther comprises 

55 

for each different color ink printhead (12), ena- 
bling the deposition of a different amount of ink 
in the forward scan direction (2) than in the 
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rearward direction (4). 

10. The method of claim 2, wherein each printhead (12) 
further has a plurality of ink-ejecting nozzles 
divided into a top (76) and a bottom (78) nozzle 5 
groups, and wherein the applying the forward (62) 
and the rearward (64) print masks further com- 
prises: 

enabling the deposition of a different amount of io 
ink from the top nozzle group (76) than from the 
bottom nozzle group (78). 
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